A thermal elasto-plastic contact model is developed in this paper to investigate the influences of steady-state frictional heating on the contact performance of surface asperities and subsurface stress fields. This model takes into account the asperity distortion caused by temperature variation in a tribological process, micro plastic flow of surface asperities, and the coupled thermo-elasto-plastic behavior of materials, with and without considering the strain-hardening property of the materials. The model is verified through the contact analysis between a rigid, isolated cylinder and a plane. Furthermore, the thermal effects on the contact pressure, real contact area, and average gap of rough surfaces in contact with different frictional coefficients and heat inputs under the thermal elasto-plastic contact conditions are studied.
INTRODUCTION
One of the important issues in analyzing tribological systems is the asperity contact subjected to the heat transfer across the contact interfaces. Variations of temperature rise at a contact interface induced by frictional heating will produce thermal expansion and asperity distortion, which cause the contact pressure distribution and the real area of contact to change. Many works have been done in developing asperity contact models under thermoelastic conditions. Early studies were mainly focused on the Hertzian-contact or single asperitycontact problems for thermal stress [1] [2] . In their works, the materials are considered to be elastic. Using the finite element method and the mathematical programming technique, Wang and Liu developed a thermoelastic contact model [3] . The effects of the thermal deformation on the contact conditions can be easily taken into account through derived matrices for thermal and elastic influence functions. The thermalmechanical stress fields were analyzed and a set of semiempirical formulas to correlate the asperity contact variables as functions of friction, asperity properties, and material properties was developed in [4] . The conjugate gradient method (CGM)-based iteration procedures have been combined with the fast Fourier transform (FFT) and used in isothermal and thermalmechanical asperity contact models [5] [6] .
However, the thermoelastic contact models developed so far often treat the material of contacting components as elastic or elastic-perfectly-plastic by restricting the highest contact pressure to the three times of the yield strength of the softer material in contacts. Few papers have been found to couple the frictional heating with the elastic-plastic contacts between real rough surfaces, in which the yielding behavior of a material is taken into consideration. Reported in this paper is a thermal elasto-plastic asperity contact model, in which the thermal expansion and thermal stress fields are fully coupled with the elastic-plastic behavior of materials.
MODELING
Combining the linear programming technique with the initial-stiffness method, an incremental iteration algorithm for the elasto-plastic contact problems is presented in [7] . The algorithm is modified and further developed in this paper to couple the steady-state frictional heat effects. The increment of thermal elasto-plastic deformation can be expressed as ) ( ) ( 
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The thermal elasto-plastic contact between a rigid, isolated cylinder and a conductive, elastic-plastic plane is studied to verify the feasibility of the presented model. The radius of the cylinder is 0.5 mm, the Young's modulus and Poisson's ratio are 210GPa and 0.3, and the elasto-plastic tangential modulus is E T =0. The applied load is 15N and the yield strength of the plane is MPa 600
. This is a plane-strain problem. Four values of frictional heat input, fv=0.0, 0.05, 0.1, and 0.2m/s, are used for the analysis. Fig. 1 gives the contact pressure distributions with different fv values when f=0.0, in which Cyd is the yield strength and L is the calculation length of the model. It can be observed that the maximum contact pressure will increase with the increase of heat input. Fig. 2 plots the von Mises stresses along the depth of the contacting centerline of the plane when f=0.2. It reveals that the maximum von Mises stresses of the four different heat inputs are all equal to the yield strength of 600MPa, indicating that the regions come into yield under coupled efforts of thermal and elastic-plastic stresses. For a same depth, the coupled stress will decrease with the increase of heat input. ) is in contact with a rigid plane. The applied load is 40N. The Young's modulus and Poisson's ratio are 210GPa and 0.3, respectively. It is observed that the maximum contact pressures and gaps become larger due to thermal expansion. Fig. 3(b) gives the relationship between the non-dimensional average gap and the non-dimensional contact pressure under different fvs.
CONCLUSIONS
A thermal elasto-plastic contact model is developed in this paper to investigate the influences of steady-state frictional heating on the contact performance of surface asperities and subsurface stress fields. The model is validated by solving the thermal elasto-plastic contact between a rigid, isolated cylinder and a plane. Because of thermal expansion, the maximum contact pressures and gaps will increase for the contact between rough surfaces. 
FIGURES

